We survey the state of the art in a variety of force sensors for designing and application of robotic hand. Most of the force sensors are examined based on tactile sensing. For a decade, many papers have widely discussed various sensor technologies and transducer methods which are based on microelectromechanical system (MEMS) and silicon used for improving the accuracy and performance measurement of tactile sensing capabilities especially for robotic hand applications. We found that transducers and materials such as piezoresistive and polymer, respectively, are used in order to improve the sensing sensitivity for grasping mechanisms in future. This predicted growth in such applications will explode into high risk tasks which requires very precise purposes. It shows considerable potential and significant levels of research attention.
Introduction
Robotic hand is a mechatronic machine that is made to complete assignment whenever it is required, especially for repetitive and dangerous tasks, and also during specific applications such as military robots, home automation [1] , automotive industries, and nuclear industry robots. In fact, many robotic hand applications were already developed as in [2, 3] ; for instance, dexterous manipulation [4] [5] [6] , tactile image perception [7, 8] , artificial limbs [9] , fingerprint recognition [10] , grasping objects [11] [12] [13] , and pick and place applications [14, 15] can also be widely seen in various industries. Nonetheless, some of these robotic applications require a lot of labor force, notably in terms of assembly line and material handling.
Henceforth, there is a significant need to have a dedicated machine, which is suitable for robust robotic application. For example, robotic hands manufacturing industries for pick and place mechanism are programed to complete task where it takes a product from one spot and put it to a different location. This technology has the advantages of reducing the risk process associated with human operators during the manufacturing process. Besides, it also saves time and energy required for the labor. Therefore, tactile sensing in the robotic hand is defined as a sensor device that is good enough to measure various properties of an object and provide information through physical touch between a sensor and an object [16] . Recently, the enhancement of the robotic hand sensor has received a substantial attention and becomes crucial to our everyday life. Researchers have recognized that equipping a robot with different sensors is a way to perform tasks in unstructured environment and enable the robot to cope with significant uncertainties. Due to the demand of ensuring safety between robots and objects during the mechanical touch, intelligent tactile sensing in robotic hand with high capabilities is critical.
In this paper, the different techniques for measuring force or interface pressures are presented. These techniques include 2 Journal of Sensors load cells, pressure indicating film, and tactile pressure system. Similarly, a review on industry pressure sensing that involves the pick and place applications and algorithm control is also highlighted. The paper also discusses the MEMS sensor technology and different types of sensors while the last section of this part discusses the piezoresistive flexiForce sensor. FlexiForce sensor has a good substrate material, which is a polymer that enhances the force sensing and improves the performance of force, linearity, hysteresis, drift, and temperature sensitivity compared to any other thin film. Furthermore, it is flexible and ultrathin enough as the researchers and designers can use it in different integrated applications as well as for applications that are oriented to manipulative tasks with grippers of robotic hand. In a nutshell, new applications for tactile pressure sensing show a high increase in publications and research attention as viewed in Table 2 . As a result, the design of sensor becomes more precise with higher reliability to overcome the problems.
Sense of Pressure: Methods
Pressure is force per unit area applied in a direction perpendicular to the surface of an object. The formula is commonly written as follows:
where is the pressure, is the normal force, and is the area of the surface of contact. When two objects are contacted, they exert force on each other. Thus, the average interface pressure is the total force divided by the interface region. In contrast, pressure measurement is necessary to get a peak pressure when the interface pressure is not uniformly distributed. In this context, there are three technologies and methods to be considered to measure force or interface pressures, load cells, pressure indicating film, and tactile pressure sensor.
Load Cell.
Load cell is a type of pressure sensor, which is commonly used in industrial weighing product to measure force such as goods and vehicles. The gripper of a robotic hand that picks up an object can be equipped with load cells in order to provide compression force feedback to the control system which prevents damage to the object or released too early. Also, load cells can be used to measure the compression forces during a robot walk to provide data for the equilibrium-controlling system. In industrial machinery, rods, beams, wheels, and bars are instrumented in order to control the forces exerted on them. Due to this variety of possible applications, load cells are very important [23] . There are many types of technologies which are used to measure loads such as strain gauges, piezoelectric elements, and variable capacitance.
Moreover, depending on the applied force and mechanics of application, multiple form factors of load cells are utilized. Typically, multiaxis MEMS force-torque sensors are used to measure the load. In the literature, a small number of multiaxis MEMS sensors have been reported. In [24] , a capacitive MEMS force sensor is presented, which assess the force along two axes. In [25, 26] , the design of a piezoresistive three-axis force sensor is described. A piezoresistive torque sensor has been presented in [27] . In addition, a three-axis capacitive MEMS force-torque sensor has been reported in [28] and this sensor is able to measure forces along two axes and a torque perpendicular to these forces. As we know, forces can be sensed in a plane, while a torque perpendicular to this plane can be measured. In certain conditions, researchers can use multiple load cells to measure forces over multiple regions of a contact interface [29] . In Figure 1 , an interface or contact area is divided into four quadrants with an exclusive load cell measuring each area. This arrangement provides more details on the force distribution across the surface; the average pressure in each zone will occur. Still, the disadvantage of this technique is inconsistent because the load cell can show the total force but cannot identify localized spikes in pressure.
There are many different types of load cells that operate in different ways, but currently the most commonly used load cell is the strain gage (or strain gauge) load cell.
Strain Gauge Load Cells.
Strain gages are small patches of silicone or metal that measure mechanical strain and convert the load acting to electrical signals. This load cell is considered as an analog type tool and utilized to measure weight. When a load is applied to a stationary object, stress and strain are the result. Stress is defined as the object's internal resisting forces, and strain is the displacement and disfigurement that occurs [31] , so the load causes deformations in the material or object that can be measured using strain gauges. Two capacitive pressure gauges which have been used extensively in the study of liquid and solid helium are described [32] . Figure 2 illustrates a structure of strain gauges. Here, more resistance in strain gauge will increase the stability as seen in Figure 2 . In fact, it also offers a wide range of different patterns which means various applications will occur.
Pressure Indicating Film.
Pressure indicating film is widely used to measure interface pressures between two surfaces. Two sheets of polyester are designed to measure the force applied across the sensing area. Figure 3 shows a pressure indicating film. Here, a colour material, under a layer of polyester, is layered next to tiny microcapsules, which are utilized to break under different pressures. When pressure is applied to the film, the microcapsules are broken and distributed ink where pressure is deformed, and the colour intensity of the resulting image reveals the relative amount of applied pressure. As a result, the greater the pressure, the darker the colour and an image of the force applied will be composed across the sensing area. Various features cause the pressure indicating film to be used in a wide range of applications including flexibility, being easy to use, and thinness that plays a major role in capturing image of applied pressure. Furthermore, there are no attached electronics, that is, a good material or film to obtain the pressure distribution without concern of crushing wires or expensive electronics during the film feeding through rollers. Pressure indicating film is used in applications that requires static pressure measurements, visual pattern of peak pressure, and one-time use [30] .
Tactile Pressure Sensor.
Tactile pressure sensor measures various parameters of an object through physical touch between sensor and an object [16] . The measured parameters are, namely, pressure, temperature, normal and shear forces, vibrations, slip, and torques. In this context, pressure and torque are example of an important parameter, and it is typically measured through physical touch. Detection and measurement of a point contact force can also be considered as a part of touch sensor for pressure and torque, but then again, tactile sensing can also ease up the process of interpretation of the corresponding information for the parameter. By definition, tactile sensing means an array of a coordinated group of touch sensors [33] . A common type of tactile pressure sensor consists of an array sensor. For instance, Figure 4 shows a unique piezoresistive material sandwiched between two pieces of flexible polyester; each half of them has printed silver conductors. The result is a very thin 0.004 (0.1 mm) sensor, which can be used in various applications, especially for industrial and medical robot. A conductive track, which is composed of silver conductors, will scan the electronics and transmit a signal through the piezoresistive ink. The tactile array sensor signal can be processed to offer a great deal of parameters about contact kinematics and precise tactile information for robotics, haptic feedback, and other contact applications. Among the parameters that can be extracted are contact location, object shape, and effective width of the pressure distribution.
The pressure distribution can be achieved by identifying the position of all the applied forces. To do this, an array sensor which has vertical and horizontal of piezoresistive traces is needed. Here, each row and column intersecting in one point are called a sensel. More intersection implies more sensels which means the more spatial resolution is the sensor. Because of many human machine interfaces (e.g., wheelchair seating systems, driver's seats, bed mattresses, hospital beds) [34, 35] and because human joint is incongruent, the sensor should be in a wide range of resolutions. However, the tactile pressure sensor array has a good spatial resolution of the pressure distribution. Figure 5 illustrates the sensing system and an electrical schematic of electronics that scan each sensel. When force is applied to the sensel, the sensel which is represented by a variable resistor will be changed and the possible current will flow through the device, and then the electronics will collect the analog data, which can be compensated with proper calibration.
From the reviews that have been obtained, there are several factors to be considered, specifically on technology for interface force and pressure measurement between two surfaces for robotic hand applications purposes. Comparisonwise, load cells provide the most reliable data pressure measurement, but the size and number of load cells limit the density of measurement points. The total load can be easily reported; however, the size of the load cell can be a limiting factor when it reaches fine granularity due to its pressure distribution. Pressure indicating film can be used in variety of applications such as robotic hand, but the nature of the film will only provide the peak pressure between interfaces during a measurement. This has obvious limitations when trying to measure dynamic applications and also the resulting data pressure measurement has less accuracy, whereas tactile pressure sensor can provide detailed dynamic measurements of interface pressure with minimal impact on system dynamics. The sensing elements need to be properly calibrated to provide accurate data, but the resulting measurements will provide the most in-depth analysis of interface system dynamics. Depending on the information needed and the physical constraints of the system being measured, load cells, pressure indicating film, and tactile pressure sensors each have advantages and constraints for providing accurate and meaningful data pressure measurement. Understanding how these strengths and limitations influence an application is crucial.
Pressure Sensor: Design and Technology
A sensor is a device that measures a physical quantity and converts it into a signal which can be read by an observer or an instrument. There are various types of sensors: thermal sensor, electromagnetic sensor, mechanical sensor, pressure sensor, and others. Pressure is sensed by mechanical elements such as plates, shells, and tubes that are designed and constructed to deflect when pressure is applied. Deflection of the elements must be transduced to obtain an electrical or other output. Pressure sensor can differ in technology, design, performance, application suitability, and cost. It can be classified based on various transduction principles such as resistive/piezoresistive, tunnel effect, capacitive, optical, ultrasonic, magnetic, and piezoelectric. The relative merits Ω F Figure 6 : Piezoresistive tactile pressure sensor [38] .
and demerits of different transduction methods are given in Table 1 . Worldwide, there are hundreds of different technologies used in pressure sensor designs such as sensing element method, material, MEMS, nanotechnology, and others. Furthermore, there are significant differences in the types of pressure sensor results from different material used as well as their functional properties.
Recently, pressure sensor using MEMS technology has received enormous attention due to various advantages over traditional electromechanical sensing technology. MEMS offers small size, low weight, low cost, high performance, large scale integration, low power consumption, wider operating temperature, and higher output signal [36] . This section discusses in detail the three main types of pressure sensor methods for robotic hand application: piezoresistive, piezoelectric, and capacitive pressure sensor. Also, various designs and technologies of the pressure sensor are explained in this section.
Piezoresistive FlexiForce Sensor.
As sensor technology grows these days, there are many types of sensors that have been used for pick and place application, especially resistive method due to its stability and high sensitivity. Piezoresistive sensors use the change of the electrical resistance in a material when it has been mechanically deformed. The resistance of a piezoresistor is given as follows:
where , , , and denote the resistivity, length, thickness of the piezoresistor, and the width of the contact, respectively. Figure 6 shows an example of the piezoresistive tactile pressure sensor. Due to the various features of piezoresistive including low cost, good sensitivity, relatively simple construction, long-term stability with low noise, accuracy, and reliability, it shows the maturity of the technology. In addition, the sensor is considered easy to fabricate and integrate with electronic circuit according to the characteristic of the piezoresistive material. However, it can measure only one contact location and it will still need external power. Though this limitation has been improved by [37] , that allows measuring many contact points by using parallel analog resistive sensing strips. The force sensing resistor (FSR) is based on piezoresistive sensing technology. It can be made in a variety of shapes and sizes and can be utilized in many applications in order to measure a proportional change in force and rate of change and also detects contact or touch between objects. FlexiForce manufactured Tekscan is one of the most piezoresistive sensors widely used in robotic hand. Figure 7 shows a tactile force sensor or FlexiForce sensors. This sensor is considered one of the best ideal force sensors for designers, researchers, or anyone who needs to measure forces. With its thin construction, flexibility, and force measurement ability, the FlexiForce sensor can measure the force between any two surfaces and is resilient to most environments. FlexiForce has better force sensing properties, linearity, low hysteresis, drift, and temperature sensitivity than any other thin film force sensors according to the good substrate material which is a polymer. This material has been considered suitable enough to use in robotic hand for grasping objects effectively. The structure of the force sensor is a substitute of a matrix of sensing traces; the ink uniformly covers an area to measure the total force applied to that space. The sensor consists of two layers of substrate as shown in Figure 7 . This substrate is formed of polyester film and a conductive material, silver, which applies to each layer. Layer of pressure sensitive ink is then used, followed by adhesive to combine the two layers of substrate together to compose the sensor. Additionally, the FlexiForce sensor decreases the resistance of the sensing element when the force applied increases. In this context, various applications using FlexiForce sensor are implemented by many researchers [39] . As an example, measurement of interface pressure or force between two soft objects is presented in [40] . Teleoperated robotic systems using tactile force sensor for the design and development of a low cost control rig to intuitively manipulate an anthropomorphic robotic arm with gripping force sensing are reported in [41] . The measurement of low interface pressure between the skin support surfaces and pressure garments is also discussed in [42] . Thereupon, one good example of using FlexiForce sensors is pick and place application which offers to achieve high sensitivity and minimize slip movement and weight measurement with a secure grasp.
Piezoelectric Pressure Sensor.
Piezoelectric sensors convert an applied stress or force into an electric voltage [43] . Piezoelectric material is considered a smart material due to its property which can be used as a sensor and actuators. Furthermore, the piezoelectric materials also have high sensitivity with high voltage output when force is applied. The sensitivity of piezoelectric force sensors is measured in terms of C/N, with sensitivity reported up to 130pC/N [39] . Piezoelectric is considered as a passive sensor which offers a high reliability that is useful to be applied in various applications. Yet, it is only suitable for detection of dynamic forces because of the voltage output decreases over time [44] , because it is not able to measure a static force due to their large internal resistance [45] . Piezoelectric materials like ceramic lead zirconate titanate (PZT), polymer polyvinylidene fluoride (PVDF), and so forth are suitable for dynamic tactile sensing. Although quartz and ceramic PZT have better piezoelectric properties, the polymer PVDF is more preferred in touch sensors because of their excellent features including mechanical flexibility, high piezoelectric coefficients, dimensional stability, low weight, workability, chemical stability, and chemical inertness [46] [47] [48] . The first time PVDF was implemented for tactile sensing technology was reported in [49] and, recently, it was used for environment perception as discussed in [50] . Henceforth, to design the circuit of piezoelectric sensor, an ultrathin input impedance is needed as a considerable effect on response to the device. Figure 8 illustrates that a piezoelectric disk generates a voltage when deformed.
Capacitive Pressure Sensor.
Capacitive sensors consist of a plate capacitor, in which the distance between the plates or electrode area is changed when compressed, and it has a suspended structure that can measure the change in the capacitance between these two electrodes. For parallel plate capacitors, capacitance can be expressed as follows:
where is the capacitance, is the relative permittivity of free space constant, is the dielectric constant of the material in the gap, is the area of the plates, and is the distance between the plates. Capacitive tactile pressure sensing is considered as one of the most sensitive techniques for detecting small deflections of structures [51] . It has been developed by researchers for many years due to its features having high spatial resolution, good frequency response, low power consumption, and a large dynamic range [45] . A capacitor sensor array is introduced in [52] and fabricated directly on flexible thin films of polyamide with thickness 25 m. The sensors show a linear response to applied pressure. Also, few instances of capacitive touch sensors are presented in [53] . Subsequently, an 8 × 8 capacitive tactile sensing array with spatial resolution at least 10 times better than the human limit of 1 mm is reported in [54] . Two electrodes with air gap, , are shown in Figure 9 .
As summarised, there is no ideal pressure sensor technology that can be used in all applications, since each has specific advantages and constraints. As a matter of fact, the pressure sensor design is primarily determined by the application requirements. It is not just the pressure sensor technology that is vital, but also the practicalities of its implementation of the pressure sensor design must be considered. Furthermore, a wide variety of materials and technologies has been used for the pressure sensor, resulting in performance versus cost tradeoffs. The electrical output signal also provides a variety of choices for various applications.
Robotic Hand: Applications
As we know, the human hand is one of the most important parts in a body as it can arrive at narrow places and can execute complex operations. Hence, it is essential for us to have a robotic hand which can accomplish the same procedure as a human hand does in real time. Back in the days, the abilities of humanoid robots focused on walking. Only just, some robotic hands have been developed and there has been a mounting interest in supplying them with proceeding manipulation capabilities [55] [56] [57] [58] . Robotic hands have a lot of technologies to execute depending on the required applications, in some instances, picking and sorting cookies [59] , military robots [60] , welding robots [61] , and also nuclear industry robots [62] . Likewise, robotic hands can also be found in various fields such as manufacturing industry, military, space exploration, domestic, transportation, and medical applications.
In this context, manipulation capabilities are one of the robotic hand applications that are central to a robot system. Figure 10 shows an example using commercial products, a robotic hand with tactile sensors from Pressure Profile Systems, Inc. (PPS). This tactile sensing technology gives the robotic hand the ability to manipulate delicate objects without breaking them. Moreover, they will also be able to operate at optimized low powers for energy efficiency by using minimized grasp force. Robotic platform using capacitive sensors is also produced by Pressure Profile Systems, Inc., and it is described in [63] .
Next, optical three-axis tactile sensors are shown in Figure 11 . It is used to improve sensitization quality in robotic hand system [64] . The arm actuators use the tactile information as feedback to execute and request the orders as needed.
Tactile Transduction Techniques and Applications.
Tactile pressure sensor has been mulled over to be one of the suitable pressure sensors that allow humans to execute dexterous manipulation and offer robot manipulators (hands/fingers) with accurate information on the objects to grab, hold, and handle. Dexterous robotic hands have been developed for the purpose of grasping different objects and it is very challenging for many researchers [65, 66] . Over the years, the change from structured to unstructured environments has made the development of different sensors a priority to enable robots to cope with considerable uncertainties. Because of that, sensors that can get back tactile information have been developed in order to prepare robot hands with such a sense [67] . There are many tactile pressure sensors that are based on a variety of principles such as resistive, capacitive, optical, ultrasonic, magnetic, piezoresistive, or piezoelectric sensors. Up to date, a lot of tactile pressure sensors have been developed. Some of these works, classified on the basis of sensitivity, range of pressure, type of force, and resolution, are given in Table 2 . From 1992 to 2013 as viewed in Table 2 , methods miscellaneous technologies with various types of materials have been used to sense the pressure in a wide range of applications, particularly in robotic hand. During the time, the size of the sensor design becomes small and delicate. In comparison, an array of 64 × 64 elements was used in tactile imaging and perception with piezoresistive transducer in 2000 as shown in Table 2 . On the other hand, after decade of time, technology would have the potential to support the development of more intelligent products in order to improve the quality of human life as in 2012. In this year, many researchers involve their products to achieve what human life needed; a good example is a 4 × 4 array small in size and conformable using the same transducer method comparing with previous example but in a different type of material which is conductive rubber. Additionally, tactile pressure sensor can measure both normal and shear forces produced through dexterous manipulation [68, 69] . However, most of existing tactile sensors only detect the normal contact force during handling objects in a robotic hand manipulation. Hence, the measure of shear force is as important as a normal force to emulate the human hand, which can simultaneously sense the direction and the strength of the applied force within sophisticated manipulation. Likewise, measure of the mechanical contact forces allows controlling the grasp force, which is essential for manipulator displacement and slip movements. This slip detection between fingertip and objects is still one of the main issues that researchers dedicated their time to put an optimal solution to. In fact, this matter required analysing and measuring both shear and normal forces. For this reason, shear information is considered of great importance to full grasp force and torque determination, especially when the pressure does not exceed more than 0.1 N [4] . These parameters will be used to predict and determine slipping of the object.
Pick and Place Applications.
Robotic hands are widely used in manufacturing industry. Typically, it is used for pick and place robot (such as packaging and palletizing). Pick and place process requires the use of robotic hands in order to manipulate objects. In this field, robotic hands have to be programmed in a familiar environment to avoid probable conflict between tools and objects. The agricultural robotic hand is also considered to be a good example to ease up a farmer's job in cutting grass [70] . This robot, which contains a manipulator, a visual sensor, a travelling device, and end-effectors, is able to do a number of tasks by changing the end-effectors. Painting robotic is provided with a door handler of the arm for opening and closing a vehicle door before and after painting it [71] . Furthermore, this system provides a robot for automatic painting vehicle bodies and reduces the equipment's cost by performing the operations of painting vehicle bodies by itself. Similarly, a robot laser welding system is a robot system that consists of a servocontrolled, multiaxis mechanical hand, with a laser cutting head mounted to the faceplate of the robotic hand. The cutting head has focused optics for the laser light and an integral height control mechanism. Most systems use a laser generator that conveys the laser light to the robot cutting head through an optical fiber cable. The benefits of laser welding are that it will produce higher productivity, improved flexibility, and quality welds [72, 73] . All of existing applications used a robotic hand, which are equipped by diverse kinds of sensors to carry through the tasks as necessitated. As a consequence, these missions cannot be accomplished as required without algorithm, since it will be as a framework for the mechanism of robotic hand. Likewise, high performance and safe operating will occur within this algorithm.
Control Algorithm.
From recent development, it is traced that manipulation control is important for a robot. Manipulation control requires some kind of feedback which could provide information about the interaction between the gripper and the grasp objects. This feedback information can be used to implement an algorithm control to achieve the function operator of any robotic hand application as required. It has also been reported that multifingered robotic hand executes particular tasks of grasping an object, which needs to control the measuring required forces for successful operation and dexterous gripper. In addition, it can grasp various objects by changing its shape. Nonetheless, in many cases they lack linearity or sensitivity, especially, in terms of masterful gripper [74] . The robotic hand gripper can increase the sensitivity as well as linearity by using an intelligent feedback control which will be doing the mechanism of gripper object effectively. To wrap up everything, various robotic hand applications using the different algorithm control had been discussed based on tactile sensing capabilities to increase accuracy, flexibility, and receptivity. Moreover, in future robotic hand applications, the manipulators will have to be made lighter and move faster with higher accuracy and work independently. For instance, the automation of complex tasks in industrial applications would be highly enhanced if robots could operate at high speed with high accuracy. Nevertheless, the current robot designs are made massive in size in order to increase rigidity; thereupon, these aims cannot be executed. To achieve high speed operation and faster response for robotic hands manipulations, we should reduce the driving torque requirement. For this purpose, many one-arm flexible robot arms have been built in laboratories [75, 76] . The Shadow Dextrous Robot Hand, in Figure 12 , is an advanced humanoid robot hand system available for purchase and is regarded as one of the most advanced robot hands in the current world.
In a nutshell, various factors play an important role in achieving the appropriate application as necessitated including material type, transduction method, and conditioning circuit. These factors set the limitation of every application as viewed in Table 2 . For instance, the polymer (polyimide) utilized in the tactile pressure sensor fabrication is used for dexterous robotic manipulation applications such as grasping objects, due to it is advantages which are flexible as well as robust enough to withstand forces during grasping. Differently, the silicon MEMS technology used in a tactile image and recognition in robotic applications requires less flexibility but needs high spatial resolution and sensitivity. Hence, the major application of polymer can be applied in wide area tactile sensor like artificial skin and nonplanar surface considered to be having lower fabrication cost than silicon. Moreover, silicon MEMS also reduces the number of electronic signal wires which make it suitable for fingertip and image recognition applications that need high resolution and also suitable for flat surface.
Beside this, the best choice of transduction method and conditioning circuit is very important as they set the limit of power consumption, time response, and number of sensors, allowed to be used in an array. Yet, although piezoresistive sensors are commonly sensitive and economic, they still consume a lot of power rather than others. In addition, they are suitable for detecting dynamic force but have a limitation in the robotic hand application due to voltage output decreases over time and large internal resistance which make them not able to measure a static force.
Conclusion
In this paper, different techniques of pressure sensor types have been reviewed including load cell, pressure indicating film, and tactile pressure mapping system. Similarly, various transaction methods, including piezoresistive, capacitive, and piezoelectric are discussed. Tactile pressure sensor based on piezoresistive material for robotic hand application is also presented. Different materials are used to sense the pressure in many applications including conductive rubber, elastic cantilevers, swollen silicon, elastic rubber, polysilicon, ferroelectric, and polymer. Recently, piezoresistive methods were used for robotic designed especially on grasping objects. It was defined that the advantages were due to making use of polymers which are more flexible, linear, and stretchable. Therefore, it was found that the risk process to workers was reduced and increased safety between the robotic hand and the object during the interaction process.
